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WHAT IS CLAIMED IS: 

1. A continuous tiny amount infusion pump comprising 
a syringe for reserving an infusion liquid, a piston 
moved by pushing in a fixed direction by a plunger 
inserted in said syringe, a movable body connected to 
said plunger for reciprocating said plunger, a feed screw 
shaft in screw engagement with said movable body, and a 
driving means for rotatingly driving said feed screw 
shaft, wherein: 

a program control system includes three switches 
comprising: 

a single item selection switch making it 
possible to sequentially select plural items for 
determining an infusion pattern including daytime 
infusion start time, daytime infusion rate, nighttime 
infusion start time, nighttime infusion rate, infusion 
liquid concentration, planned infusion amount and the 
like, 

a value setting input switch making it possible 
to sequentially input setting value with regard to said 
items for setting said infusion pattern selected, and 

a start/stop switch ; 

said driving means is followed by said infusion 
pattern by operating said each switch. 
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□. The continuous tiny amount infusion pump of 

claim 1, 

wherein said single item selection switch including an 
item for determining momentary infusion start time and 
momentary infusion rate. 

□. The continuous tiny amount infusion pump of 

claim 1, 

wherein said single item selection switch including 
items for displaying updated bolus infusion amount and 
updated bolus infusion time, 

said infusion pump further comprising an externally 
operable manual lever for bolus infusion. 
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DETAILED DESCRIPTION OF THE INVENTION 
[Applicable Industrial Field] 

The present invention relates to a continuous tiny 
amount infusion pump for infusing a tiny quantity of an 
infusion or the like into a human body or the like 
continuously for a predetermined time, and particularly 
to a programmable continuous tiny amount infusion pump 
such that the infusion of a desired amount of an infusion 
can be varied with lapse of time according to a 
predetermined program. 
[Related Art] 

Hitherto, as this kind of minute amount infusion 
pump, there has been proposed, for example, a pump device 
including a housing with such a size as to make the 
device portable, wherein a pump mechanism including a 
syringe and a piston inserted therein, a movable member 
attached to an operating end part of a plunger connected 
to the piston, a screw shaft put in screw engagement with 
the movable member and disposed in parallel to the 
plunger, an electric motor for rotatingly driving the 
screw shaft, and a control mechanism therefor are 
contained in the housing (refer to, for example, Japanese 
Patent Laid-open No. Sho 58-221955). 

In this pump device, the electric motor is driven in 
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proportion to the number of pulses generated by a pulse 
generator to thereby obtain a required infusion rate, and 
it is possible to drive the electric motor by 
preliminarily setting a fixed fundamental instruction 
pulse number and to variably set an liquid medicine 
infusion rate by generating a number of pulses not less 
than the fundamental instruction pulse number. In this 
kind of pump device, however, the liquid medicine 
infusion rate is regulated by manually operating the 
control mechanism, if necessary, and, it is difficult to 
perform on a programmable basis a variable minute-amount 
infusion for one day such as, for example, infusion of 
insulin to a diabetic. 

From this point of view, the present applicant has 
previously developed a liquid medicine infusion pump 
device comprising a pump part, a timer control unit for 
setting the period of an infusion pattern, a step data 
input part for dividingly setting the period of the 
infusion pattern in a plurality of steps, an infusion 
amount data input part, a memory part for storing the 
infusion amount data and outputting the data to a pump 
drive control unit on the basis of each of the steps, and 
a pump drive control unit for converting an infusion 
amount data signal sent from the memory part into a motor 
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driving signal proportional to the infusion amount data 
signal (Japanese Patent Publication Nos. Sho 59-11923 and 
Sho 60-5797) . 

With the pump device thus configured, in the case of, 
for example, insulin treatment of a diabetic, it is 
possible to simply achieve a programmable insulin 
infusion according to the pattern of variation in blood 
sugar level in one day of a diabetic, in place of a 
method in which insulin is injected to the patient 
several times a day. 

[Problems to Be Solved by the Invention] 

In the conventional liquid medicine infusion pump 
device capable of a programmable drive control as above- 
mentioned, it is possible to finely set the infusion 
amount data to be inputted, and therefore to set the 
period of the infusion pattern in diversity, so that it 
is possible to provide a system by which it is possible 
to form a liquid medicine infusion program according to 
the characteristics of each of many patients and which is 
excellent in universality. On the other hand, however, it 
is necessary to operate many ten-keys and function keys 
in forming the program or inputting the data. In addition, 
attendant on the enhancement of control performance, not 
only the number of electronic parts for constituting the 
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control system is increased, but also the control circuit 
is complicated, and the device becomes larger in size and 
lower in portability. 

As has been mentioned above, the insulin infusion to 
a diabetic must be conducted in minute amounts and 
continuously. Therefore, the device is required to have a 
very small size such as pocket size is needed for 
convenient carrying, and to ensure that the device can be 
easily operated by the patient himself and the injection 
program can easily be set and modified. However, in 
relation to the setting of a fine injection program, as 
in the case of the configuration of the device previously 
proposed, there are limitations as to readiness of 
operation and reduction in device size. 

Considering the injection amount in the general 
insulin treatment, it is desirable for the injection 
amount to be different between the daytime when the 
patient is fundamentally active and the nighttime when 
the patient is sleeping. In addition, there is a case 
where the blood sugar level varies due to variations in 
the day-basis rhythm of life of the patient; for coping 
with this, it is necessary to momentarily increase or 
decrease the quantity of insulin injected, and, therefore, 
it is preferable to set the timing of such momentary 
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injection. Further, since the variation in the blood 
sugar level of the patient appears after meal, it is 
preferable that bolus injection can be performed 
according to the timing of this variation. In view of 
this, basically, it suffices that the injection control 
can be set and modified on a programmable basis according 
to the day-basis schedule of the patient. Specifically, 
it suffices, for example, that setting of times in 
daytime and nighttime as well as injection rates, one- 
time injection start times and injection rates during the 
set times, etc. can be set. Along with this, it is made 
possible to obtain a very small device size and to 
achieve simplification of the mechanism and operation for 
programmable insulin injection. 

Accordingly, it is an object of the present 
invention to provide a continuous minute amount infusion 
pump for infusion of a liquid medicine or the like in 
which a continuous infusion program can easily be set and 
modified, in which a simplified operating mechanism and a 
facilitated operation can be realized, which can be 
configured in a very small size, and which is 
programmable. 

[Means for Solving the Problems] 

According to the present invention, there is 
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provided a continuous tiny amount infusion pump 
comprising a syringe for reserving an infusion liquid, a 
piston moved by pushing in a fixed direction by a plunger 
inserted in said syringe, a movable body connected to 
said plunger for reciprocating said plunger, a feed screw 
shaft in screw engagement with said movable body, and a 
driving means for rotatingly driving said feed screw 
shaft, wherein: 

a program control system includes three switches 
comprising, a single item selection switch making it 
possible to sequentially select plural items for 
determining an infusion pattern including daytime 
infusion start time, daytime infusion rate, nighttime 
infusion start time, nighttime infusion rate, infusion 
liquid concentration, 'planned infusion amount and the 
like, a value setting input switch making it possible to 
sequentially input setting value with regard to said 
items for setting said infusion pattern selected, and 
a start/stop switch ; said driving means is followed by 
said infusion pattern by operating said each switch. 

In the continuous tiny amount infusion pump, said single 
item selection switch can include an item for determining 
momentary infusion start time and momentary infusion rate. 
The continuous tiny amount infusion pump, it is 
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preferable that said single item selection switch 
includes items for displaying updated bolus infusion 
amount and updated bolus infusion time, said infusion 
pump further comprising an externally operable manual 
lever for bolus infusion. 
[Operation] 

According to the programmable continuous minute 
amount infusion pump of the present invention, in 
relation to the setting and modifications of an infusion 
program in a program control system for driving control 
of a pump, the infusion pattern items such as infusion 
start time, infusion rate, planned infusion amount and 
infused liquid medicine concentration can be sequentially 
selected using a single item selection switch, and 
desired values for the items of the infusion pattern 
selected can be sequentially set within preset ranges and 
in predetermined step changes while using a single set 
point input switch. Accordingly, the infusion program can 
be formed through simple operations, and an appropriate 
continuous minute amount infusion of a liquid medicine 
can be realized. 
[Embodiments] 

Now, embodiments of the programmable continuous 
minute amount infusion pump according to the present 
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invention will be described in detail below, referring to 
the accompanying drawings. 

FIG. 1 is a block diagram of the continuous minute 
amount infusion pump according to the present invention. 
A program control system shown in FIG. 1 includes three 
operating switches 10, 12, 14, a manual lever switch 15, 
a controller 16, and a display 18, and a syringe pump 22 
is operated through driving control of an electronic 
motor 20 by an output signal from the control unit 16. 
The operating switches comprises a start/stop switch 10 
for instructing the start and stop of operation of the 
electric motor 20, an item selection switch 12 for 
setting each of various items for forming an infusion 
pattern, and a value setting input switch 14 for setting 
the value for the items. The controller 16 includes a CPU 
24, an input interface 26 for inputting external signals 
sent from the operating switches 10, 12 and 14 to the CPU 
24, a memory 28 for storing a program and an output 
interface 30 for outputting external signals from the CPU 
24. Therefore, a control output signal for controlling 
the electric motor 20 and a display signal sent to the 
display 18 are outputted from the output interface 30 
provided in the controller 16. Incidentally, the electric 
motor 20 is provided with a rotation sensor 32, and the 



JPA63-238870 



operating condition of the electric motor 20 is fed back 
to the controller 16 so as to contrive stabilization of 
the control. 

FIG. 2 shows the pump structure of the continuous 
tiny amount infusion pump according to the present 
invention. 

In FIG. 2, reference symbol 34 denotes a casing, of 
which the overall size is a very small size such as 
pocket size. A cylinder 36, a piston 28 and a plunger 30 
inserted therein, a movable body 42 for pushing the 
plunger 40, and an electric motor 46 having a speed 
reduction gear 44 for moving the movable body 42 are 
provided inside the casing 34. Incidentally, a rotational 
output of the electric motor 4 6 is transmitted to the 
rotation sensor 32 and a pinion 48 through the speed 
reduction gear 44. On the other hand, the movable body 42 
is in screw engagement with a screw shaft 50 disposed in 
parallel to the plunger 40, and an end part of the screw 
shaft 50 and the pinion 48 are appropriately connected to 
each other through a gear mechanism 52. Incidentally, a 
power source battery containing part 54 is provided at a 
part of the casing 34 so that a commercially available 
battery 56 can be contained in a replaceable state. In 
addition, an infusion tube 58 is connected to a tip part 
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of the syringe 36, and an injection needle 60 is attached 
to the tip thereof. Further, an externally operable 
manual lever 62 is provided at a part of the casing 34, a 
swiveling motion of the lever 62 is transmitted to a gear 
66 meshed with a part of the gear mechanism 52 through a 
one-way clutch 64 including a coil spring so that bolus 
injection can be performed by giving an additional 
rotation to the gear mechanism 52. Incidentally, in this 
case, a one-way clutch 68 including a coil spring is 
provided also on the side of the gear mechanism 52. 

Now, in relation to the functions of the operating 
switches constituting the program control system in the 
continuous tiny amount infusion pump according to the 
present invention, the procedure of forming an infusion 
program will be described below, together with a display 
example thereof. 

FIG. 3 shows the configuration and arrangement of 
the operating switches 10, 12, 14 and the manual lever 62 
and the display 18 of the continuous tiny amount infusion 
pump shown in FIG. 2. By use of the item selection switch 
12 and the value setting input switch 14, of these 
operating switches, the infusion program can be formed. 
More specifically, items relevant to (1) insulin 
concentration, (2) daytime infusion start time, (3) 
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daytime injection rate, (4) momentary infusion start time, 
(5) momentary infusion rate, (6) nighttime infusion start 
time, (7) nighttime infusion rate, (8) current time, (9) 
planned amount, (10) integrated amount, (11) updated 
bolus infusion amount, (12) updated bolus infusion time 
are sequentially selected by sequentially operating the 
item selection switch 12. In the case of setting or 
modifying the value in the items, these can be 
sequentially inputted within preset ranges and in preset 
units by use of the value setting input switches 14. For 
example, in the case of the insulin concentration, the 
preset range is preliminarily set to 20 U, 40 U or 100 U, 
and one of the insulin concentrations can be selected and 
set by operating the value setting input switch 14. The 
infusion program selected and set in this manner can be 
displayed as shown in FIG. 4. In addition, various 
infusion start times can be set by one-hour units (steps) 
over the range of from morning (AM) to afternoon (PM) in 
a set range of from 1:00 to 12:00. Besides, the infusion 
rate in each of these cases can also be set by 0.01 to 
0.05 U/H units (steps) in a set range of 0.00 to 12.75 in 
terms of insulin concentration. Incidentally, the details 
of them are as shown in FIG. 4. More specifically, the 
items selected using the item selection switch shown in 
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FIG. 4 are classified into infusion control items 
composed of daytime infusion start time, daytime infusion 
rate, nighttime infusion start time, nighttime infusion 
rate, momentary infusion start time, momentary infusion 
rate; set items composed of insulin concentration and 
planned infusion amount; and display items composes of 
integrated infusion amount, updated bolus infusion amount, 
and updated bolus infusion time or current time. 
Incidentally, the current time can be adjusted. Besides, 
in this case, the bolus injection can be when desired, 
and injection of a predetermined amount can be performed 
by a patient's manual operation of the lever 62. 

In the case of the bolus injection, by operating the 
manual lever 62, it is possible to inject an arbitrary 
amount at an arbitrary time, separately from a preset 
injection program. In the case where the insulin 
concentration is 40 U/mL, for example, as shown in FIG. 4, 
operating the manual lever 62 one time gives a bolus 
injection amount of 1.0 U, and operating the manual lever 
62 two times gives a bolus injection amount of 2.0 U. 
Therefore, according to the present invention, the 
injection program can be formed basically by using the 
two operating switches 12 and 14. Accordingly, a time 
chart of an infusion program set in the pattern shown in 
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FIG. 5, for example, is shown as shown in FIG. 5. 
[Effects of the Invention] 

As is clear from the embodiment described above, 
according to the present invention, a required minimum 
number of program elements for an infused liquid medicine 
and set ranges and units for the elements can be 
preliminarily determined in a program control system, the 
program elements can be sequentially called by use of an 
item selection switch, and set points for the elements 
can be inputted while changing by predetermined steps by 
use of a single-switch operation. Therefore, without need 
to arrange ten-keys and complicated function keys as in 
the existing art, it is possible by use of two kinds of 
switches to easily perform setting and modification of 
multi-functionally infusion programs. Accordingly, the 
pump of the present invention is suitably applicable to 
CSII (Continuous Subcutaneous Insulin Infusion) which is 
the most popularly practiced today. 

While the present invention has been described 
referring to a preferred embodiment thereof, the 
application of the invention is not limited to injection 
of insulin, and the pump of the invention can be widely 
applied as a continuous minute amount injection pump for 
injection of various infusions. Moreover, various design 
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modifications are naturally possible within the scope of 
the spirit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a program control 
system of a programmable continuous tiny amount injection 
pump according to the present invention; FIG. 2 shows the 
configuration of an embodiment of the pump structure of 
the continuous tiny amount injection pump according to 
the present invention; FIG. 3 shows an appearance of an 
embodiment of an operating part of the continuous tiny 
amount injection pump according to the present invention; 
FIG. 4 is an illustration of an embodiment of the 
contents of an injection program formed in the continuous 
tiny amount injection pump according to the present 
invention and a display pattern thereof; and FIG. 5 is a 
time chart of an embodiment of an injection program 
formed in the continuous tiny amount injection pump 
according to the present invention. 

10: start/stop switch; 12: item selection switch; 
14: set point input switch; 16: controller; 18: display; 
20: electric motor; 22: syringe pump; 24: CPU; 26: input 
interface; 28: memory; 30: output interface; 32: 
rotation sensor; 34: casing; 36: syringe; 38: piston; 

17 



JPA63-238870 



40: plunger; 42: movable body; 44: speed reduction gear; 
46: electric motor; 48: pinion; 50: feed screw; 52: gear 
mechanism; 54: battery containing part; 56: battery; 58: 
infusion tube; 60: injection needle; 62: manual lever; 
64: one-way clutch; 66: gear; 68: one-way clutch. 
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FIG. 1 

10: START/STOP SWITCH 

12: ITEM SELECTION SWITCH 

14: VALUE SETTING INPUT SWITCH 

15: MANUAL LEVER SWITCH 

18: DISPLAY 

20: ELECTRIC MOTOR 

22: SYRINGE PUMP 

26: INPUT INTERFACE 

28: MEMORY 

30: OUTPUT INTERFACE 

32: ROTATION SENSOR 
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FIG. 4 

4-A: Setting items 

4-B: Display items 

4-C: Setting (display) range [unit] 

(1) : Insulin concentration 

(2) : Daytime infusion start time 

(3) : Daytime infusion rate 

(4) : Momentary infusion start time 

(5) : Momentary infusion rate 

(6) : Nighttime infusion start time 
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(7) : Nighttime infusion rate 

(8) : Current time 

(9) : Planned amount 

(10) : Integrated amount 

(11) : Updated bolus infusion amount 

(12) : Updated bolus infusion time 
4-D: Insulin concentration 

4-E: Injection rate range (step) 
4-F: Bolus amount (step) 

4-G: When the bolus infusion amount reaches or exceeds 
25.5 U, the bolus amount display becomes [25.5 U] . 




FIG. 5 

5-A: Daytime infusion start time 

5-B: Bolus infusion time 

5-C: Nighttime infusion start time 

5-D: [Infusion rate (U/H) ] 

5-E: Daytime infusion rate 
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5-F: Momentary infusion rate 
5-G: Nighttime infusion rate 
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